A long period of drought leads to stomata1 closure, thus depriving most of the green cells of CO,.
Under these conditions glycolate is formed rapidly inside the chloroplasts, via phosphoglycolate, from ribulose 1,s-bisphosphate by the oxygenase reaction of ribulose-1,s-bisphosphate carboxylase/ oxygenase [l, 21 . The resulting glycolate is transported out of the chloroplasts to be metabolized through the oxidative photosynthetic carbon cycle (C, cycle). In the peroxisomes, glycolate is oxidized by the flavoprotein glycolate oxidase, producing glyoxylate which is transaminated to glycine. Glycine, in turn, migrates to the mitochondria where it is converted to serine, NH, and CO,. Serine then returns to the peroxisomes where, via the action of a transaminase and hydroxypyruvate reductase, glycerate is formed. Finally, glycerate reenters the chloroplast where it is phosphorylated by glycerate kinase to give glycerate 3-phosphate, to regenerate ribulose 1,s-bisphosphate after reduction to triose-phosphate via the Calvin-Benson cycle (C, cycle) [I, 21. During photorespiration in higher plants, no net synthesis of storage carbohydrates occurs; the light energy is used to drive the utilization (through the C, cycle) and the formation (through the C, cycle) of ribulose l,S-bisphosphate, thus preventing the formation of the excited triplet state of chlorophyll and excess reactive 0, species (superoxide radicals and singlet oxygen). Generally, the reactions of the C2 cycle are not believed to be regulated after the site of carbon entry (phosphoglycolate synthesis by ribulose-1,s-bisphosphate carboxylase/oxygenase) into the pathway. The conversion of glycine to serine in green-leaf mitochondria is currently considered to be the major source of CO, released during photorespiration [ 1, 21. In this short review, we will consider only the mechanisms of glycine oxidation in green-leaf mitochondria.
Subunit structure and reaction mechanism
During the course of the Cz cycle, glycine molecules formed in the peroxisomes are immediately broken down by a complex of proteins (glycine decarboxylase or glycine cleavage) localized in the mitochondrial matrix [3] , which, by concerting their activities, catalyse the oxidative decarboxylation and deamination of glycine with the formation of CO,, NH, and N5,N10-methylene-5,6,7,8-tetrahydropteroylglutamate (CH2H4PteGlu,, with n glutamate residues) [ 1, 21. The latter compound produced reacts with a second molecule of glycine to form serine and 5,6,7,8-tetrahydropteroylglutamate (H,PteClu,) in a reaction catalysed by serine hydroxymethyltransferase. The glutamate chain length (one to six glutamate residues) influences the affinity constant for H,PteGlu, and the maximal velocities displayed by these two enzymic systems. Indeed, the affinity constant decreases by at least one order of magnitude when the tetrahydrofolate substrate contains three or more glutamate residues [4] . Analyses of pea-leaf mitochondria1 folate reveal a pool of polyglutamates dominated by tetra-and penta-glutamates [4] .
Glycine decarboxylase has been purified from plant mitochondria [5, 61, Figure 1 ). The glycine decarboxylase complex from plant-leaf mitochondria is closely related to similar enzyme complexes found in bacteria such as Ptetococcus glycinophilus [9] and Athrobucterglobiformis [lo] , and in the mitochondria of animal tissues [7] . Parenthetically, the dihydrolipoamide dehyrogenase component of the glycine decarboxylase complex, which contains, in addition to FAD, a redox-active cysteine residue, is also a component (called E3) of a family of multienzyme complexes that is composed of pyruvate, 2-oxoglutarate and branched-chain 2-oxoacid dehydrogenases [ ll] . The H-protein provides the attachment site for the lipoic acid (attached via an amide linkage to the &-amino group of a lysine residue, Lys-63 on the pea H-protein) which interacts in a very flexible manner with each of the other three proteins (P-, T-and L-proteins) in the multi-
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Figure I
Scheme outlining the reactions involved in oxidative decarboxylation and deamination of glycine in plant mitochondrial matrix P-, H-, T-and L-are the protein components of the glycine cleavage (glycine decarboxylase) system. SHMT is involved in the recycling of CH2H,FGIu,,, with n glutamate residues into H, F Glu,. The equilibrium constant of the serine hydroxymethyltransferase suggests that, during photorespiration, the reaction must be permanently pushed toward the formation of serine (the unfavourable direction) to allow the recycling of H,PteGlu, necessary for the operation of the T-protein component of the glycine decarboxylase system (Figure 1 ). Serine hydroxymethyltransferase (SHMT) also requires pyridoxal phosphate and, in its native form, is a 220 kDa tetramer composed of four identical subunits, each with a molecular mass of 53 kDa [6] . Each subunit has a pyridoxal phosphate bound as a Schiff base to an &-amino group of lysyl residue.
The rate of glycine release during the course of photorespiration is as much as 50% of the photosynthetic rate of about 3 pmol C02 fixedlmg chlorophyll per min and some ten times the rate of normal tricarboxylic acid cycle activity. In order to accomplish rapid rates of glycine oxidation, to cope with all the glycine molecules flooding out of the peroxisomes, the glycine cleavage system linked to SHMT is present at tremendously high concentrations within the mitochondrial matrix (where it comprises about half of the soluble proteins in mitochondria from fully expanded green leaves) [13] . This is in contrast with the situation observed in mammalian mitochondria where glycine decarboxylase represents a minute fraction of the total matrix protein [ 141. This high protein concentration (0.2 g/ml) influences biorecognition processes and leads to the formation of a loose multi-enzyme complex (approximate subunit ratio of 2 P-protein dimers: 27 H-protein monomers: 9 T-protein monomers: 1 L-protein dimer) [13] 
Schematic representation of glycine oxidation in green-leaf mitochondria
During photorespiration glycine is cleaved in the matrix space by the glycine cleavage system (see Figure I ) to CO,, NA, and CH2H4FGIu,. The latter compound produced reacts with a second molecule of glycine to form serine and H,FGIu, in a reaction catalysed by SHMT. NADH produced during the course of glycine oxidation is oxidized, either by the respiratory chain or by O M , owing to the malate dehydrogenase located in the matrix space working in the reverse direction. A rapid malate-OM transport shuttle appears to play an important role in the photorespiratory cycle, in catalysing the transfer of reducing equivalents generated in the mitochondria during glycine oxidation to the peroxisomal compartment for the reduction of B-hydroxypyruvate. Note the unusual stoichiometry of two glycine molecules entering the mitochondrial matrix in exchange for one serine leaving. A consideration to be taken into account, regarding the possibility of glycine oxidation in vivo via the respiratory chain, is that this process necessarily leads to the production of ATP. which must be recycled back as ADP. 
Metabolic control
Apparently glycine cleavage activity is not affected by light, by reversible covalent modification, by control proteins or by proteolytic activation. Its catalytic activity is only regulated by the NADH/ NAD+ molar ratio: with NAD' and NADH acting directly on the L-protein via the lipoyl moiety that is covalently bound to the H-protein [NADH is competitive with respect to NAD+, K,(NAD+)=75 pM; K,(NADH)= 15 p M ] [3] . Likewise, serine inhibits the reaction competitively with glycine [K,(serine) = 4 mM; K,,,(glycine) = 6 mM] and appears to bind to the P-protein [24] . NADH generated in the matrix space during the course of glycine oxidation must therefore be re-oxidized if the photorespiratory cycle is to continue. NADH produced in vivo is re-oxidized very rapidly by oxaloacetate (OAA), owing to the tremendous excess of malate dehydrogenase located in the matrix space working in the reverse direction. Indeed, a very powerful phthalonate-sensitive OAA carrier has been characterized in all the plant mitochondria isolated so far [&(OM) = 5 pM; V,,, = 700 nmoV mg protein per min] [25, 261. This rapid malate-OAA transport shuttle, the equivalent of which is not found in mammalian mitochondria, appears to play an important role in the photorespiratory cycle, catalysing the transfer of reducing equivalents generated in the mitochondria during glycine oxidation to the peroxisomal compartment for the reduction of /3-hydroxypyruvate [I, 21 (Figure 2 ). In the presence of OAA, the glycine cleavage is functioning at maximum capability, and at a significantly faster rate than when it is supported only by NADH reoxidation via Complex I under state 3 conditions [27] . In green leaves, the rapid reoxidation of NADH and the immediate utilization of NH, (via glutamate synthase and glutamine synthetase operating in a concerted manner) and CO, (via ribulose-1,s-bisphosphate carboxylase) during the course of glycine oxidation continuously shift the equilibrium toward serine formation even though the reactions are readily reversible in vitro.
Finally, compounds that react with either the lipoamide cofactor of the H-protein (such as arsenite) or with the pyridoxal phosphate of the P-protein (such as carboxymethoxylamine, methoxylamine and acethydrazide), strongly inhibit the glycine cleavage system [28] . We believe that molecules acting at the level of the protein components of the glycine decarboxylase complex would exhibit herbicidal potency. Indeed, experiments using Arabidopsis thaliana showed that in plants deficient in glycine decarboxylase activity, photosynthesis was not impaired in non-photorespiratory conditions, but was irreversibly inhibited in atmospheres that allowed the rapid production of glycolate by chloroplasts [29, 301.
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